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ABSTRACT 
 
The heavy metal lead (Pb) is a common environmental pollutant with widespread distribution, and 
oxidative stress has been implicated in the pathogenesis of its toxicity. The ameliorative effect of 
nutritional contents of palm oil and cod liver oil (dietary supplements) following exposure to sublethal 
concentration of Pb on adult Wistar albino rats was studied. Toxicity was induced by administering 
intraperitoneally, 30 mg/kg body weight of lead acetate at alternate days for 21 days. Groups treated 
with supplements received daily oral dose of 2.5 ml palm oil or cod liver oil or 1.25 ml palm oil and 
1.25 ml cod liver oil (synergy). Increased activities of alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase, decreased activities of superoxide dismutase, catalase, 
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glutathione peroxidase and increased concentrations of total bilirubin and lipid peroxidation product 
were observed in Pb exposed rats without nutritional supplement treatment. However, these 
negative oxidative states were ameliorated in rats by the concomitant administration of nutritional 
supplements, singly and in combination. Furthermore, non-significant changes were observed in the 
haematological parameters determined. These observations indicate potential therapeutic benefits 
in the use of palm oil and cod liver oil in the management of lead-induced toxicity. 
 
 
Keywords: Heavy metals; lead (Pb); xenobiotics; oxidative stress; antioxidants; Nigeria. 
 
1. INTRODUCTION 
 
Lead (Pb) is a heavy metal and an oxidant that 
have great potential to accumulate in body 
tissues. Excess accumulation of lead in living 
tissues may induce production of reactive oxygen 
species (ROS) and reactive nitrogen species 
(RNS), resulting to oxidative stress [1,2] which 
can disrupt cellular functions by inactivation or 
precipitation [3]. Oxidative stress induced by free 
radicals (ROS and RNS) have been implicated in 
DNA damage, oxidation of thiol group(s) of 
proteins, and lipid peroxidation [4]. Lead is 
implicated in various forms of cancer, damage to 
transport cells, nephron, central nervous and 
cardiovascular system in animals [5,6]. 
 
Lead is regarded as a potent occupational toxin, 
and its toxicity is closely related to age, sex, and 
route of exposure, frequency of intake, solubility, 
metal oxidation state, retention percentage, and 
duration of exposure [7]. Human exposure to 
lead occurs through the use of leaded gasoline, 
lead containing pipes or lead-based solder in 
water supply systems and industrial activities 
such as battery recycling, grid and bearings 
manufacture [8]. Lead toxicity is a particularly 
insidious hazard with the potential of causing 
irreversible health effects. It interferes with the 
central nervous, haematopoietic, hepatic, renal 
and gastrointestinal systems indicating serious 
disorders [9,10]. A report by the Centres for 
Disease Control and Prevention (CDC)-USA, 
indicate that a blood lead level of 10  µg/dl or 
above is a cause for concern. Acute toxicity of 
lead is uncommon (and related to occupational 
exposure), whereas chronic toxicity is common 
and occurs at blood lead level of 40-60 µg/dl, 
characterized by persistent vomiting 
encephalopathy, lethargy, delirium, convulsions, 
and coma [11-14]. 
 
Some areas in Nigeria such as Zamfara and 
Niger States are presently experiencing lead 
poisoning. The outbreak is caused by semi-
industrial scale gold ore mining and processing in 
the affected areas. Since 2010, acute lead 
poisoning in Zamfara and recently in Niger 
States has killed hundreds of children. Adult 
living in these areas experience high rates of 
infertility and miscarriages in females [15]. It is 
reported that land surfaces, ponds and rivers 
within gold mining areas are contaminated with 
lead from ore-processing [16]. Children and 
adults bathe, wash their clothes and water their 
flock of sheep and herds of cattle in the                
ponds and rivers, and this exposes such 
individuals and animals to lead poisoning. 
Furthermore, a large percentage of Nigerians are 
exposed to mild and chronic levels of lead from 
vehicular pollution, leaded gasoline use, drinking 
water obtained from wells, unregulated lead 
paints, cosmetics, lead solder, crude oil refining 
etc. [17,18]. 
 
However, some bioactive components of plants 
and animals exhibit immense potentials to either 
protect or enhance recovery of humans and 
animals from metal-induced toxicity. Two 
commonly used plant and animal products are 
palm oil and cod liver oil. Palm oil is extracted 
from the fruits of oil palm (Elaeis guineensis), 
which mesocarp contains numerous 
phytochemicals (mostly phenols) such as 
catechins, hesperidin, coumaric, ferulic, gallic, 
chlorogenic, protocatechuic, caffeic acids, 4- 
hydroxybenzoate etc. [19]. Phenolics are 
antioxidants, free radical scavengers and 
chelators of divalent cations [20]. Palm oil is a 
rich source of vitamin E (a known antioxidant), 
mainly of tocotrienols and few tocopherols. It 
contains carotenoids (β- and α-carotene) and 
chlorophylls, which are potent antioxidants. The 
simplest carotene is lycopene [21,22]. Cod liver 
oil on the other hand is a nutritional supplement 
derived from liver of cod fish (Gadidae) [23]. Cod 
liver oil contains vitamin D, vitamin A (retinol), 
omega-3 polyunsaturated fatty acids (PUFAs), 
eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). These compounds 
can protect cells from the destructive effect of 
increased lipid and lipid peroxidation products 
[24]. The aim of this study was to determine the 
effect of lead-induced oxidative stress and 
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hepatoprotective role of dietary supplements on 
Wistar albino rats. 
 
2. MATERIALS AND METHODS 
 
2.1 Experimental Animals and Samples 
 
Male Wistar albino rats were obtained from a 
small animal holding unit of the Department of 
Veterinary Pathology and Microbiology, Faculty 
of Veterinary Medicine, University of Nigeria 
Nsukka, Enugu State, Nigeria. Palm oil, Cod liver 
oil and rat feed (growers vital feed) were bought 
from a local market (Eke-Onuwa) in Owerri 
Municipal, Imo State. The animals were housed 
in cages meshed with wire gauze at the animal 
facility of the Department of Biochemistry, 
Federal University of Technology Owerri, Imo 
State, Nigeria. They were maintained under 
standard laboratory condition with 12hour light 
and dark cycle and room temperature ranging 
from 21 – 25°C. This study was approved by the 
ethics committee (FUTO/BCH/EC/2015/23) of 
the Department of Biochemistry, Federal 
University of Technology Owerri. The animals 
were handled in accordance with the guidelines 
on care and well being of research animals [25]. 
 
2.2 Exposure of Animals to Heavy Metal 
and Dietary Supplements  
 
Thirty male Wistar albino rats of average weight, 
150±30 g were divided into 5 groups of 6 rats 
each. Animals were allowed to acclimatize for 14 
days and allowed free access to standard feed 
and water only. After this, animals were treated 
for 21 days as follows: 
  
Group I (Normal control) received standard 
rat feed and water only ad-libitum throughout 
the treatment period. 
 
Group II (Positive control) received standard 
rat feed and water ad-libitum and 
intraperitoneal administration of 30 mg/kg 
body weight (bwt) of lead acetate at alternate 
days throughout the treatment period. 
 
Group III (Palm oil group) received standard 
rat feed and water ad-libitum, daily oral 
administration of 2.5 ml palm oil and 
intraperitoneal administration of 30 mg/kg 
bwt lead acetate at alternate days throughout 
the treatment period.  
 
Group IV (Cod liver oil group) received 
standard rat feed and water ad-libitum, daily 
oral administration of 2.5 ml cod liver oil and 
intraperitoneal administration of 30 mg/kg 
bwt lead acetate at alternate days throughout 
the treatment period.  
 
Group V (Palm oil+Cod liver oil (Synergy) 
group) received standard rat feed and water 
ad-libitum, daily oral administration of 1.25 
ml palm oil and 1.25 ml cod liver oil and 
intraperitoneal administration of 30 mg/kg 
bwt lead acetate at alternate days throughout 
the treatment period. 
  
2.3 Blood and Organ Collection for 
Biochemical Analysis 
 
At the end of the treatment period, animals were 
fasted for 12 hours, anaesthetized with moderate 
ether, and blood collected via cardiac puncture. 
Blood samples were divided into anticoagulant 
and plain bottles. Blood samples in plain bottles 
were allowed to clot, centrifuged (1500 x g) for 
10 mins at 4°C to obtain serum and this was 
stored in a refrigerator. Afterwards, the rats were 
sacrificed and liver samples excised, washed in 
potassium chloride buffer (1.15%), homogenized 
and centrifuged for 60 mins to obtain supernatant 
that were used to assay oxidative stress 
parameters 
 
2.4 Biochemical Assays 
 
Serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and alkaline 
phosphatase (ALP) activities were determined 
spectrophotometrically using in-vitro methods for 
quantitative determination as outlined by 
commercial kits manufacturer of Randox 
laboratory test kits (Antrin, UK). Serum albumin 
(ALB), globulin, total protein (TP), and bilirubin 
were determined spectrophotometrically using 
manufacturer’s instructions in Randox laboratory 
test kit (Antrin, UK). Activities of superoxide 
dismutase (SOD) and catalase (CAT) in liver 
homogenate were assayed as described by Xin 
et al. [26] and Aebi [27] respectively. Activities of 
glutathione peroxidase (GPx) were assayed as 
described by Paglia and Valentine [28]. 
Concentrations of malondialdehyde (MDA) and 
glutathione (GSH) were determined as described 
by Wallin et al. [29] and King and Wootton [30] 
respectively.  
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2.5 Determination of Haematological 
Parameters 
 
Haematological parameters and their differentials 
were determined by an automated analyzer 
using the method described by Dacie and Lewis, 
[31]. Whole blood sample was used to determine 
Red Blood Cell (RBC) count, White Blood Cell 
(WBC) count, Platelet (PLT), Hematocrit (HCT), 
Haemoglobin (HGB), Mean Cell Volume (MCV), 
Mean Cell Haemoglobin (MCH), Mean Cell 
Haemoglobin Concentration (MCHC), Red Cell 
Distribution Width (RDW), RDWSD, PDW, PCT, 
and MPV.  
 
2.6 Statistical Analysis 
 
Statistical analysis was carried out using one 
way analysis of variance (ANOVA) and 
significance taken at p<0.05. Results obtained 
were expressed as mean ± standard deviation.  
 
3. RESULTS 
 
3.1 Liver Function Enzymes 
 
Alanine aminotransferase (ALT) activities (Fig. 1) 
were significantly increased in all lead acetate 
exposed groups compared to normal control 
group that was not exposed. Activities of ALT in 
palm oil, cod liver oil and synergy groups were 
significantly reduced compared to positive control 
group. Aspartate aminotransferase (AST) 
activities (Fig. 2) were significantly elevated in all 
lead acetate exposed groups compared to the 
normal control, with the positive control group 
presenting the highest AST activity. However, 
significant reduction in activities of AST was 
observed in the groups treated with dietary 
supplement as compared to the positive control. 
In Fig. 3 the activities of alkaline phosphatase 
(ALP) were significantly elevated in all lead 
acetate exposed groups compared to the normal 
control. But the dietary supplement treated 
groups showed significant reduction in ALP 
activities when compared to positive control. 
 
3.2 Liver Function Compounds 
 
Total bilirubin concentration (Fig. 4) was 
significantly elevated in all lead acetate exposed 
groups except cod liver oil group when compared 
to the normal group. Total protein concentration 
was significantly reduced (Fig. 5) in lead acetate 
(except cod liver oil) exposed groups when 
compared to normal control. Albumin 
concentration (Fig. 6) in all lead acetate exposed 
groups showed no significant difference 
compared to normal control except, the palm oil 
treated group that showed significantly reduced 
albumin concentration. Fig. 7 shows a significant 
(p<0.05) decrease of globulin concentration in 
the positive control group compared to the 
normal control and cod liver oil group. However, 
there was no significant difference amongst the 
palm oil and synergy group when compared to 
the positive control group. 
 
 
 
Fig. 1. Alanine aminotransferase (ALT) activities of male Wistar rats exposed to sublethal 
concentration of lead acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05) 
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Fig. 2. Aspartate aminotransferase (AST) activities of male Wistar rats exposed to sublethal 
concentration of lead acetate and treated with dietary supplements 
Bars represent mean ± standard deviation of five (n = 5) determinations, bars with different letters are statistically 
significant (p<0.05) 
 
 
 
Fig. 3. Aspartate aminotransferase (ALT) activities of male Wistar rats exposed to sublethal 
concentration of lead acetate and treated with dietary supplements 
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05) 
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significantly reduced glutathione peroxidase 
(GPx) activity in positive control rats compared to 
the normal control and dietary supplement 
treated groups. Similarly, GSH concentration 
significantly reduced (Fig. 11) in positive control 
compared to the normal control and dietary 
supplement treated groups. However, no 
significant difference was observed in GSH 
concentrations of normal control, palm oil, cod 
liver oil and synergy groups. Finally, 
malondialdehyde (MDA) concentrations (Fig. 12) 
were significantly elevated in lead acetate 
exposed and untreated group (positive control) 
compared to the normal group and treated 
groups. Conversely, the dietary supplement 
treated groups indicated no significant difference 
in the MDA concentration when compared to the 
normal control group. 
 
 
Fig. 4. Aspartate aminotransferase (ALT) activities of male Wistar rats exposed to sublethal 
concentration of lead acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determination and bars with different letters are 
statistically significant (p<0.05) 
 
 
Fig. 5. Total protein concentration of male Wistar rats exposed to sublethal concentration of 
lead acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05) 
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Fig. 6. Albumin concentration of male Wistar rats exposed to sublethal concentration of lead 
acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05) 
 
 
 
Fig. 7. Globulin concentration of male Wistar rats exposed to sublethal concentration of lead 
acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05) 
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Fig. 8. Superoxide dismutase (SOD) activities of male Wistar rats exposed to sublethal 
concentration of lead acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05) 
 
 
Fig. 9. Catalase (CAT) activities of male Wistar rats exposed to sublethal concentration of lead 
acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05) 
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Similarly, animals treated concomitantly with 
palm oil and cod liver oil showed significant 
ameliorative changes of lead induced liver 
damage as indicated by the significant reduction 
in the activities of serum ALT, AST, and ALP. 
The reversal of the elevated activities of serum 
enzyme in the palm oil and cod liver oil groups 
after lead administration may be attributed to the 
stabilizing ability of dietary content (lycopene, 
retinol, omega-3 PUFAs, EPA, DHA etc.) on cell 
membrane thus preventing enzyme leakages. 
Palm oil contains phenols (catechins, hesperidin, 
coumaric, ferulic, gallic, chlorogenic, 
protocatechuic, caffeic acids, 4- 
hydroxybenzoate) that can scavenge free 
radicals and chelate divalent cations [19,20]. 
 
Fig. 10. Glutathione peroxidase (GPx) activities of male Wistar rats exposed to sublethal 
concentration of lead acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05) 
 
 
Fig. 11. Glutathione (GSH) concentration of male Wistar rats exposed to sublethal 
concentration of lead acetate and treated with dietary supplements  
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are 
statistically significant (p<0.05)
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Table 1. Haematological parameters of male Wistar rats exposed to sublethal concentration of lead acetate and treated with dietary 
supplements 
 
 Groups HGB WBC RBC HCT PLT MCV MCH 
 Normal control 129.50±5.80b 5.625±1.84a 7.87±0.27b 31.93±1.48b 358.25±78.24a 40.68±2.43b 16.40±0.68a 
 Positive control 132.00±6.06b 12.27±1.29b 8.12±0.36b 32.05±2.47b 432.50±23.27a 39.50±1.49ab 16.20±0.77a 
 Palm oil 105.25±4.99a 7.40±3.06ab 6.69±0.33a 25.70±1.92a 471.00±70.03a 38.48±1.09ab 15.70±0.24a 
 Cod liver oil 114.00±15.12ab 9.80±3.36ab 7.27±1.00ab 27.73±3.39ab 453.00 ±135.90a 38.25±1.00ab 15.70±0.17a 
 Palm oil+Cod liver oil 132.00±23.27b 12.78±6.18b 8.36±1.27b 31.80±5.43b 395.00±66.91a 38.03±1.52a 15.70±0.48a 
 
Groups MCHC RDW RDWSD MPV PDW PCT 
 
 Normal control 405.25±11.50a 19.75±0.49ab 26.23±2.66a 8.53±0.38b 14.63±0.21a 0.31±0.08a  
 Positive control 412.50±22.05a 20.08±0.81b 25.20±1.25a 8.40±0.22ab 14.60±0.14a 0.36±0.02a  
 Palm oil 410±16.71a 18.80±0.60a 23.90±0.00a 8.25±0.26ab 14.48±0.15a 0.39±0.05a  
 Cod liver oil 410.50±8.06a 19.43±0.87ab 25.23±1.00a 8.00±0.32a 14.25±0.26a 0.36±0.10a  
 Palm oil+Cod liver oil 414.50±8.27a 19.33±0.95ab 24.23±0.97a 8.30±0.30ab 14.47±0.38a 0.33±0.05a  
Values are mean ± standard deviation of five (n=5) determinations and columns with different letters are statistically significant  
(p<0.05) 
 
 
 
Fig. 12. Malondialdehyde (MDA) concentration of male Wistar rats exposed to sublethal concentration of lead acetate and treated with 
dietary supplements 
Bars represent mean ± standard deviation of five (n = 5) determinations and bars with different letters are statistically significant (p<0.05) 
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The observed decrease in concentration of 
serum total protein in positive control when 
compared to treated groups indicates 
ameliorative potentials of dietary supplements 
used in this study. Total protein is decreased in 
cases of liver dysfunction and malnutrition [39]. 
Albumin decreases in chronic liver dysfunction 
such as cirrhosis and in kidney loses, however 
our result showed no significant decrease in 
serum albumin concentration. Also, decreased 
serum globulin of positive control rats may 
indicate liver dysfunction and nephrosis [40], due 
to lead toxicity. Similarly, the significantly 
increased total bilirubin of all Pb exposed groups 
except cod liver oil group is an oxidative signal 
for varying metabolic changes such as 
haemolysis, liver damage, and cholestasis [41]. 
 
Furthermore, the significant decrease of catalase 
activities in positive control agrees with the report 
of Sharma et al. [42], that reduced activities of 
catalase in lead nitrate exposure results to 
peroxidative damage. Cellular systems are 
sheltered from cell damages caused by reactive 
oxygen species (ROS) by various defences 
consisting of antioxidants with diverse functions 
[43]. When the concentration of ROS present in 
cellular system increase over the concentration 
of the defence systems, oxidative stress is 
induced, and this could result to cellular injuries 
and ultimately development of diseases. The 
observed significant decrease in SOD activity of 
positive control compared to normal control 
group and groups treated with dietary 
supplements indicates ameliorative potentials by 
the dietary supplements. Activities of SOD in 
tissues and/or blood are markers of oxidative 
stress [44]. Similarly, Pb exposure may be 
implicated in the decreased activity of glutathione 
peroxidase, because under normal conditions 
cells possesses enzymatic and non enzymatic 
defences to cope with free radicals [45], however 
under oxidative stress these conditions are 
distorted and requires in some cases exogenous 
antioxidants as supplied by the dietary 
supplements used in this study.  
 
Oxidative damage, however may occur when 
antioxidant potential is decreased leading to 
increase in oxidative stress [46]. These 
observations give credence to Pb as having high 
affinity for sulfhydryl (SH) groups. Lead can alter 
the antioxidant activities of SOD, CAT, GPx, and 
glucose-6-phosphate dehydrogenase (G6PD) by 
inhibiting functional SH groups and forming less 
stable mercaptides complexes [47]. Reduced 
SOD activity downregulates disposal of 
superoxide radicals, while a drop in CAT activity 
impedes the rate at which superoxide radical is 
scavenged. Apart from targeting the sulfhydryl 
groups, Pb can also replace the zinc ions that 
serve as important co-factors for antioxidant 
enzymes and inactivate them [48]. Increased 
susceptibility of cells to oxidative stress may 
arise because Pb toxicity affects uptake of 
important trace elements (Se, Zn and Cu) 
required by antioxidant enzymes (GPx, CAT, and 
SOD) for proper molecular structure and activity. 
 
Similarly, the significant reduction of GSH 
concentration in positive control implies that 
administration of dietary supplements enhanced 
synthesis of GSH, considered as the first line of 
defence against oxidative damage and free 
radical generation. Here GSH functions as a 
scavenger and a co-factor in metabolic 
detoxification of ROS [49]. Furthermore, the 
increase in lipid peroxidation (LPO) in positive 
control confirms the extent of oxidative damage 
[50] occurring in this group when compared to 
normal control and groups treated with dietary 
supplements. Elevated concentrations of MDA 
are markers for peroxidation of membrane lipids 
and an indication of possible oxidative injury from 
oxidative stress [50]. The nature of membrane 
fatty acids determines susceptibility to 
peroxidation and because Pb induces elongation 
membrane arachidonic acids, it is implicated for 
the enhanced membrane LPO. Cell membrane 
damage elicited by Pb exposure causes 
derangement in processes such as activity of 
membrane enzymes, endo- and exocytosis, 
transport of solutes across the bilayer, and signal 
transduction by effecting lateral phase separation 
[47,51,52]. It could be said that the reduced 
concentration of MDA in groups treated with 
dietary supplements indicates ameliorative 
potentials attributable to β-carotene and 
lycopene content of palm oil which can inhibit 
LPO, and reduce incidence of oxidative stress- 
induced conditions and diseases such as cancer, 
atherosclerosis, age-related macular 
degeneration, and multiple sclerosis 
[20,21,22,53]. Also, cod liver oil rich content of 
retinol, omega-3 polyunsaturated fatty acids, 
eicosapentaenoic acid and docosahexaenoic 
acid protect cells from the destructive effect of 
increased lipids and LPO products [24,54]  
 
The values obtained in haematological studies 
showed no significant difference in most of 
haema-parameters of positive control group 
when compared to normal control, and all dietary 
supplement treated groups. However, Pb directly 
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affects the haematopoietic system by inhibiting in 
a dose dependent manner three key enzymes 
involved in the synthesis of heme- δ-
aminolevulinic acid dehydratase (ALAD), 
aminolevulinic acid synthetase (ALAS) and 
ferrochelatase. Lead can reduce the life span of 
circulating erythrocytes by increasing the fragility 
of cell membranes. This corroborates the 
significantly increased total bilirubin, 
concentration in lead acetate exposed groups 
because bilirubin is a metabolic product of 
haemolysis or breakdown of red blood cells 
[55].The combined effects of these two 
processes may lead to haemolytic anaemia 
[56,57]. The no significant difference observed in 
most of the blood parameters determined may as 
well be associated to the activity of δ-
aminolevulinic acid dehydratase (ALAD). Report 
by Ahamed et al. [58] indicate that heme 
biosynthesis does not decrease until the activity 
of ALAD is inhibited by 80–90%, and this is 
observed at blood lead concentration of about 55 
µg/dl. 
 
5. CONCLUSION 
 
The effects of dietary supplements on lead 
induced toxicity in Wistar albino rats showed that 
the dietary supplements cod liver and palm oil 
decreased the elevated activities of the liver 
enzymes, and ameliorated the negative effect of 
oxidative stress. Thus, it may be recommended 
that adequate amount of these dietary 
supplements are contained in diets. 
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